INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) has been a prominent technological innovation that has advanced in the field of gastrointestinal endoscopy [1] since its inception in 1968 [2] . ERCP, a comparatively more complicated integral therapeutic modality among endoscopic techniques, is clinically the most common and specialized procedure used for the diagnosis and treatment of pancreatic and biliary system disorders [3] [4] [5] [6] [7] [8] . Although it is superior to the traditional operation due to limited trauma, simplicity of the operation, and short recovery time in the treatment and diagnosis of duodenal and pancreatobiliary disorders [5, 6] , diagnostic and therapeutic ERCP can cause various complications such as pancreatitis, cholangitis, perforation, hemorrhage (especially postsphincterotomy), cholecystitis, cardiopulmonary depression, asymptomatic hyperamylasemia, aspiration, hypoxia, bleeding, sepsis, adverse medication reactions, and death [9] [10] [11] [12] [13] [14] [15] [16] . PEP is the most common complication of ERCP, [9, [17] [18] [19] and itis a crucial factor in morbidity and mortality [20] [21] [22] [23] [24] [25] . Chemical, mechanical, enzymatic, hydrostatic and thermal causes are considered as the pathophysiology of the PEP [22] . Although its determinants are unclear, development of PEP is thought to be based on a proinflammatory cascade caused by pancreatic acinar cell injury that induces to systemic cytokine release [3] . The incidence rates of PEP have been reported vary from less than 1% up to 40%, because of its dependence on patient factors, procedures, study definitions and methodology [9, 23, [26] [27] [28] [29] [30] . Incidence rates of the severe pancreatitis after ERCP changes between 0.1% and 0.5% [10, 27, [31] [32] [33] [34] . The economic and the social impacts of PEP have been reported to be substantial [35] . The estimated annual cost of PEP in the USA is assessed to be around 200 million USD [36] , while the overall mortality rate of PEP is found to be0,7% [37, 38] . Furthermore, PEP has a crucial impact on endoscopist stress [39] and is considered as the most common determinant of malpractice lawsuits involving ERCP [40] . The standardized consensus definitions for PEP in the literature [3, 9, 28, [41] [42] [43] were introduced by Cotton, Lehman [44] and Banks, Bollen [45] . The standard definition proposed by Cotton, Lehman [44] is as follows: "Pancreatitis after ERCP is a clinical illness with typical pain, associated with at least a threefold increase in serum amylase (or lipase) at 24 h, with symptoms impressive enough to require admission to hospital for treatment (or extension of an existing or planned admission)."The Atlanta criteriabased definition of PEP proposed by Banks, Bollen [45] is as follows: "The diagnosis of acute pancreatitis requires two of the following three features: (1) Abdominal pain consistent with acute pancreatitis (acute onset of a persistent, severe, epigastric pain often radiating to the back); (2) Serum lipase activity (or amylase activity) at least three times greater than the upper limit of normal; and (3) Characteristic findings of acute pancreatitis on contrast-enhanced computed tomography (CECT) and less commonly magnetic resonance imaging (MRI) or transabdominal ultrasonography" PEP was viewed as an inevitable complication, with uncertain outcomes, and with no practicable strategy for its prevention in the past [35] . Research on the prevention of PEP has identified various approaches to reduce the occurrence and probability of PEP. Based on this research, three different strategies for prevention of the PEP including patient related, procedure related and pharmacological approaches were developed [3, 9, 30, 35, 46] . Development and improvement of efficient, safe, and cost-effective techniques for the prevention of PEP area crucial focus of endoscopic research [46] and will be reviewed and assessed in this study. In this context, risk factors and preventative measures extracted from the literature are identified and categorized to evaluate recent developments and approaches for the prevention of PEP.
MATERIALS AND METHODS

Literature search strategy
The relevant studies in the literature were searched by the author using the databases of PubMed, ISI Web of was Science and Cochrane Library. The review was restricted covering the period between January 2009 and February 2019 in order to focus on the updates and the recent developments in the relevant field. The search terms for all databases consisted of the words ["Post endoscopic retrograde cholangiopancreatography pancreatitis" [All Fields] AND "prevention" (All Fields)] OR "treatment" [(All Fields), ] "post-erpc pancreatitis" [(All Fields) AND "prevention" (All Fields) OR "treatment" (All Fields)], ("Post endoscopic retrograde cholangiopancreatography" (All Fields) AND "pancreatitis" (All Fields) AND "prevention" (All Fields) OR "treatment" (All Fields), ("post-erpc" [(All Fields)] AND "pancreatitis" (All Fields) AND "prevention" (All Fields) OR "treatment" [ (All Fields) ].
RESULTS
The stages of the literature review adopted from PRISMA 2009 are presented in Figure 1 . The literature search through databases of PubMed, ISI Web of was Science and Cochrane Library identified 726 studies that met the search criteria. Additionally, 4 relevant articles found in the edited books on ERCP were included in the review. Search results were put together in EndNote to check for duplicate studies. 257 studies were found to be duplicates and these studies were removed from the list of search results. The eligibility of the 473 studies was evaluated by screening the titles and abstracts to see if they met the inclusion criteria. In this stage, the author only included RCTs and excluded all other publication types such as reviews, editorial letters, commentaries, clinical study protocols, retrospective studies and case reports. 381 studies were excluded due to not meeting the inclusion criteria. The full-text of the 92 remaining studies was reviewed. 38 of these studies were found to be irrelevant and excluded. The remaining 54 studies were included and assessed in this literature review.
The literature on the prevention of the PEP has mainly focused on the specific procedural techniques and pharmacological interventions to reduce the risk for PEP. Since the identification of risk factors increasing the probability of PEP is crucial for the prevention of PEP, the review has also focused on the risk factors related to patients. Therefore, the reviewed studies are categorized in these main topics.
Assessment of patient related factors
Careful patient selection is considered to be the most significant and primary strategy for the prevention of PEP [26] . Alternative methods providing highly precise pancreaticobiliary imaging such as endoscopic ultrasound and magnetic resonance cholangiopancreatography can be preferred to prevent PEP for patients with high risk factors, particularly for the identification and exclusion of choledocholithiasis [47] [48] [49] . Therefore, identification of the patient-related risk factors is one of the most important aspects of prevention for PEP.
The patient related risk factors for the development of the PEP in the literatureare summarized in the Table 1 . Patient-related factors for developing the PEP found to be significant in the relevant studies include young age [23, [50] [51] [52] [53] , female gender [23, 51] , suspected Sphincter of Oddi dysfunction (SOD) [50] , history of previous PEP [51, 52] and recurrent pancreatitis [51, 52] . Although female gender has been found to have high risk for the PEP in the studies, it is not easy to distinguish the impact of SOD, mostly suspected in women with post-cholecystectomy abdominal pain [54] . On the contrary, PEP is less likely to occur in patients with chronic pancreatitis [9, 30] indicating a partical loss of sensitivity to PEP stimulation [54] , probably because of atrophy and decreased enzymatic activity [27] . History of ERCP with sphincterotomy is also considered to decrease the risk of developing PEP, since prior sphincterotomy mostly separates the common bile from the main pancreatic duct, therefore decreasing the probability of pancreatic duct cannulation or injection, and enabling comparatively uncomplicated and efficient cannulation of the common bile duct (CBD) [26] . Regarding gland atrophy and calcification, chronic pancreatitis is also considered to reduce the risk of developing PEP [27] . While previous studies indicated that small CBD may be a risk factor for PEP, recent studies [23, 51, 52, 55] found that it has no independent impact on the risk for PEP. Periampullary diverticulum, pancreas divisum and allergy to contrast medium are among the factors which have been found to have no risk on PEP [9, 41] . Yet a recent study [23] analyzed data obtained from 3178 procedures administered on 2691 patients and concluded that periampullary diverticulum was one of the significant patientrelated risk factors.
DiMagno et al [50] also found that chronic liver disease and smoking were among the predictors of prophylaxis for PEP.
Pharmacoprevention
More than 35 pharmacologic agents have been analyzed in terms of prevention for PEP in the literature [56] . These studies focused on the intervention of one or more hypothesized structures of injury within the framework of the main six fields as below (adapted from Cheon [57] ): (1) The prevention of the inflammatory cascade; (2) The facilitation of cannulation; (3) The relief of a sphincter of Oddi spasm; (4) The inhibition of intra-acinartrypsinogen activation; and (5) The decrease of pancreatic enzyme secretion.
The reviewed articles studied the impact of the rectal indomethacin on the prevention of PEP are summarized in Table 2 . The studies on other pharmacologic agents are summarized in Table 3 . 
The prevention of the inflammatory cascade
Nonsteroidal anti-inflammatory drugs: Nonsteroidal anti-inflammatory drugs (NSAIDs) are inexpensive, easily administered and very effective inhibitors of phospholipase A2, cyclooxygenase and neutrophil-endothelial interactions and are considered to have a significant impact on the pathogenesis of acute pancreatitis [56] . Given the findings of clinical trials in the literature, rectal indomethacin, an NSAID, is administered to patients with high risk factors undergoing ERCP to reduce risk for PEP [58] . Administration of rectal indomethacin right before and after ERCP has been recommended by European Society for Gastrointestinal Endoscopy guidelines for all patients without contraindication to prevent the development of PEP [59] . Only two of eight studies in this review concluded no supporting findings for indomethacin to prevent PEP (Table 2) .
Andrade-Davila et al [56] conducted a controlled RCT between 2012 and 2013 in Mexico by comparing the administration of 100 mg of rectal indomethacin on 82 patients versus 2.6 g suppository of glycerin on the placebo group of 84 patients without placement of a pancreatic stent. Patients had at least one major and/or two minor risk factors for PEP. The PEP rate for the experimental group was 4.87% (4/82) and was 20.23% (17/84) for the placebo group (P = 0.01). Rectal indomethacin administered immediately after ERPC decreased the incidence of PEP among patients with high risk factors.
Elmunzer et al [60] investigated the impact of rectal indomethacin on 602 patients at high risk for PEP in a multicenter, randomized, placebo-controlled, double-blind RCT in United States. The rate of PEP was 9.2% among patients who received indomethacin and was 16.9% among patients who received placebo (P = 0.005). Rectal indomethacin decreased the development of PEP among patients with high risk factors.
In their placebo-controlled, prospective RCT, Patai et al [61] also found positive impact of indomethacin on the prevention of PEP. Their study showed that rectally administered 100 mg indomethacin reduced development of PEP, especially in cases with patient and procedure-related risk factors and with difficult cannulation.
The administration timing of indomethacin and characteristics of patients can be significant impact on the clinical applications. Luo et al [62] compared impact of preprocedural administration of 100 mg rectal indomethacin in 1297 patients (universal group) within 30 min before ERCP versus post-procedural administration of 100 mg rectal indomethacin in 1303 patients with high-risk factors (risk-stratified group) immediately after ERCP to prevent PEP. The rate of PEP was 4% in universal group and was 8% in the risk stratified group (P < 0.0001). Results showed that administration of rectal indomethacin prior to ERCP in universal group decreased PEP development in comparison of risk stratified group.
Hosseini et al [63] assessed rectal indomethacin with and without intravenous perfusion of normal saline to prevent PEP. In this RCT, 406 patients underwent ERCP Adapted from Guda et al [9] , Cotton et al [30] , Cotton [41] , and Srinivasan et al [54] . CBD: Common bile duct; SOD:
Sphincter of Oddi dysfunction; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.
and were randomized into four groups with different interventions. Interventions of (1) rectal indomethacin (100 mg); (2) intravenous (IV) saline perfusion; (3) both rectal indomethacin and IV saline; and (4) There are also contradictory findings in the literature about the impact of indomethacin on the prevention of PEP. Döbrönte et al [65] conducted a prospective, randomized, placebo-controlled and multicentred study between 2012 and 2013 in order to compare 100 mg of rectally administered indomethacin on 347 patients vs an inert placebo on 318 patients, 10-15 min before ERCP. They found that rectally administered 100 mg of indomethacin prior to ERCP had no efficacy in preventing the development of PEP.
A prospective, double-blind, placebo-controlled RCT on the consecutive patients performed by Levenick et al [58] also found contradictory results about the impact of indomethacin on the prevention of PEP. 449 consecutive patients undergoing ERCP between 2013 and 2014 in the United States. 223 patients received a single dose of 100 mg dose of rectal indomethacin and 226 patients were received a placebo suppository during the ERCP. The incidence rate of PEP for these groups were 7.2% and 4.9%, respectively. The study revealed that rectally administered indomethacin did not have positive impact on the prevention of PEP.
The majority of clinical trials investigating impact of NSAIDs on the prevention of the PEP have been rectally administered [66] . Diclofenac is another NSAID and is often parenterally administrate because of its faster effect [67] . Park et al [66] administered either 90 mg of diclofenac or placebo to randomized 343 patients by intramuscular injection immediately after ERCP. PEP rate was 12.7% for the group that received diclofenac and 11.8% for the placebo group (P = 0.87). The results of the multivariate regression analysis also failed to demonstrate the prevention impact of diclofenac on the development of PEP. On the other hand, in their prospective, multicenter, controlled and RCT Otsuka et al [68] found contradictory results. Patients underwent ERCP were randomized into two groups and administered either 50 mg of rectal diclofenac with a saline infusion or only saline infusion 30 min before ERCP. The incidence of PEP was 3.9% (2/51) and 18.9% (10/53) (p = 0.017), respectively. They concluded that low-dose rectal diclofenac may have preventative impact on the development of PEP.
Aproinflammatory cascade with a little favorable circumstance for intervention will be induced after the injury of pancreatic acinar cell [69] . Cyclo-oxygenase (COX) enzymes are considered to have a crucial proinflammatory function in pancreatitis [70] . It was reported that the severity of experimental acute pancreatitis was alleviated when COX-2 was pharmacologically inhibited [71] . Bhatia et al [70] investigated the benefits of valdecoxib, a COX-2 inhibitor, and Glyceryltrinitrate (GTN) transdermal patch on PEP. 121 patients were administered 20 mg intravenous valdecoxib, 124 patients were administered GTN patch (10 mg/h) at the beginning of ERCP and 126 patients were assigned as control group. No significant difference was found in the frequency of PEP, indicating that valdecoxib and GTN had no beneficial impact on prophylaxis of PEP. Ketoprofen, an effective NSAID, is an inhibitor of both COX1 and COX2, and can reach serum peak in minutes when received intravenously, while NSAIDS such as diclofenacor indomethacin can reach serum apex within 2-3 h when received rectally or orally [72] . Because of these advantages, Onofrio et al [73] tested intravenously administration of ketoprofen on consecutive patients with naïve papilla. Patients were randomly assigned to receive saline infusion with or without ketoprofenjust prior to ERCP. PEP rates were 2.2% in the ketoprofen group and 2 % in the control group (P = 1), indicating intravenously received ketoprofen just before ERCP did not reduced PEP incidence.
Prophylactic impact of rectal NSAIDs in PEP is considered to occur by inhibiting cyclooxygenase (COX) and phospholipase A2 enzymes, which are considered significant part of the primary inflammatory cascade of acute pancreatitis through regulation of proinflammatory mediators, i.e., platelet-activating factors and arachidonic acid products [74] [75] [76] . Kato et al [77] conducted a prospective, single center, controlled RCT to assess the prophylactic potential of celecoxib, a cyclooxygenase-2 inhibitor, on PEP. 85 patients received oral 400-mg celecoxib tablets 1 h prior to ERCP and saline infusion and another 85 patients received only saline infusion. The incidence of PEP for two groups was 15.3% (13/85) and 11.7% (10/85), respectively (P = 0.65). The difference between the frequency of PEP of groups was insignificant and demonstrated that orally administered of celecoxib did not reduced the rate of PEP.
Hydration:
The basis of treatment for acute pancreatitis depends on hydration [78] . Animal studies concluded that pancreatic microvascular hypoperfusion developed necrosis [79] . Clinical researches on patients with acute pancreatitis testing fluid resuscitation indicated that hemoconcentration and reduced systemic perfusion can develop risk of pancreas necrosis and adverse results [80] . Wu et al [81] suggested that hydration with lactated Ringer's solution (LRS) may reduce the risk for systemic inflammatory response syndrome. Trypsinogen activation and incidence of pancreatitis can be triggered by an acidic environment [82] . Buxbaum et al [83] performed a prospective, multicenter and controlled RCT to determine whether aggressive periprocedural hydration with LRS diminish the incidence of PEP.
Thirty-nine patients received aggressive hydration with LRS (3 cc/kg/h during the ERCP, a 20 cc/kg bolus after the ERCP, and 3 cc/kg/h for 8 h after ERCP) and 23 patients received standard hydration with the same solution (1.5 cc/kg/hr during and for 8 h after ERCP). There was no PEP incidence in the first group and 17% of patients in the second group developed PEP (P = 0.016). Aggressive intravenous hydration with LRS was found to be effective in decreasing risk of PEP. Their findings also suggested that LRS is less risky than saline to lead metabolic acidosis, indicating protective impact of LRS.
The justification for hydration depends on the requirement for resolution of the hypovolemia [84] . Vigorous intravenous fluid resuscitation (IVFR) with LRS may lead a better acid-base balance and may induce an anti-inflammatory reaction, when compared with other crystalloid preparations [85, 86] . In a prospective, multicenter, double-blind RCT Choi et al [87] tested the impact of periprocedural vigorous IVFR on the prevention of PEP. 510 patients with native papilla in Korea were randomized into two groups in a1:1 ratio. The first group received vigorous IVFR (LRS in an initial bolus of 10 mL/kg before the ERCP, 3 mL/kg/h during the ERCP, for 8 h after the ERCP, and a post-ERCPbolus of 10 mL/kg) and the second group received a standard IVFR (LRS at 1.5 mL/kg/h during and for 8 h after the ERCP). The incidence rate of PEP was 4.3% in the first group and 9.8% in the latter one (P = 0.016). The findings indicated that IVFR with LRS had preventative effect on PEP and reduced severity of PEP in both high-risk and average-risk cases.
Cytokines and mediators:
Regardless of the trigger of pancreatitis, early intracellular events are followed by initial local and systemic inflammatory reactions which are increased by proinflammatory cytokines and chemokines. These are considered to contribute in the progress of pancreatic necrosis [88] . The administration of endogenous Interleukin-10 (IL-10), a potent inhibitor of cytokines, in animal models of pancreatitis with cerulein reduced the severity of acute pancreatitis [89] , principally through inhibition of the development of acinar necrosis [90] . Sherman et al [88] investigated impact of IL-10 on PEP in patients with high risks. 91 patients received 8 µg/kg and 101 patients received 20 µg/kg of IL-10 and 105 patients received placebo through a single intravenous injection 15-30 min before ERCP. PEP incidences were 15%, 22%, and 14% in research groups respectively (P = 0.83). The study showed administration IL-10 failed to prevent PEP.
Platelet-activating factor (PAF), potent proinflammatory mediator, was reported to be related to acute pancreatitis, since its degradation or production is considered to be dysregulated, leading to inflammation via effector mechanisms that stimulate systemic or local tissue injury [91] . The release of amylase from isolated pancreatic acini was observed to increase due to the administration of exogenous PAF [92] . rPAF-AH, developed to prevent adverse implications of dysregulated PAF activity [91] , alleviated pancreatic injury, cut down the lipase and amylase increment, and reduced pancreatitis-associated acute lung injury in an animal model of acute pancreatitis [93] . In their randomized, multicenter, double-blind, placebo-controlled RCT Sherman et al [91] analyzed prophylactic rPAF-AH administration in reduction of PEP incidence in high-risk patients. 200 patients received 1 mg/kg of rPAF-AH, 201 patients received 5 mg/kg ofrPAF-AH and another 199 patients received placebo intravenously. They concluded that rPAF-AH had no preventative impact on PEP.
Facilitation of cannulation
Difficulties in cannulation of the CBD can cause papillary trauma and, thereby increasing the incidence of PEP [28, 55] . Facilitation of cannulation may decrease risk for complications of ERCP, because difficult cannulation is reported to be a significant procedure-related risk factor of PEP [23, 94] . Secretin, a gastrointestinal peptide endocrine hormone, can stimulate pancreatic bicarbonate excretion, thereby facilitating the cannulation [95] . Jowell et al [96] conducted a single center, prospective, double-blind, placebo-controlled RCT to evaluate effects of synthetic secretin in preventions of PEP. 426 patients were received secretin (16 µg) and 443 patients received placebo before ERCP. The incidence of PEP in the two groups were 8.7% and 15.1%, respectively (P = 0.004). Results showed that synthetic secretin was effective in prevention of PEP.
The limitations of secretin, such as its high price and limited availability, makes its use complicated in clinics [97] . Alternatively, intraduodenal acid infusion (ACI) was used in clinical trials, since it can physiologically stimulate secretin release in the body [98, 99] . Fang et al [97] conducted a single center, double-blind RCT between 2016 and 2017 in China to investigate the impact of ACI on pancreatic duct cannulation during ERCP. Consecutive patients were randomized into two groups (105 in each group) and received 50 mL ACI infusion or 50 mL saline. The incidence rate of PEP for two groups was 7.6% and 10.5%, respectively (P = 0.470). Despite the statistically insignificant difference in the incidence of PEP in the two groups, ACI infusion significantly facilitated pancreatic duct cannulation and reduced radiation exposure.
The relief of a sphincter of Oddi spasm
Promoting efficient drainage of the pancreatic duct at the end of ERCP by administrating pharmacologic agents, instead of procedural techniques such as pancreatic stent placement, may be effective in ameliorating the adverse impacts of temporal blockage outflow of pancreatic juice induced by papillary edema and/or sphincter of Oddi spasm triggered by manipulation during ERCP and papillary trauma [70] . Glyceryltrinitrate (GTN), a nitric oxide donor, may prevent papillary edema through facilitating primary cannulation and may support pancreatic duct drainage after ERCP, ultimately leading relaxation of the sphincter of Oddi [70] . Glyceryl nitrate (GN), a nitrogen oxide donor, may stimulate dilation of the microvascular vessels and periampullar sphincter relief, therefore enhancing nutrition and circulation [100] . However, the results of RCTs conducted by et al [70] and Nøjgaard et al [100] showed that GTN and GN were not effective for the prevention of PEP. Nitric oxide (NO) donor is another pharmacologic agent thought to facilitate CBD cannulation by decreasing the amplitude and baseline pressure caused by the sphincter of Oddi [101] [102] [103] . Additionally, intravenous glucagon, applied throughout the ERCP for prevention of duodenal motility, can be beneficial for relaxing the sphincter of Oddi [104, 105] , and therefore, can improve CBD cannulation [106] . The impact of the combination of sublingual nitroglycerin and intravenous glucagon administration on PEP was investigated by Katsinelos et al [106] between 2012 and 2015 in Greece through a prospective, single center, double-blind RCT study. 227 patients intravenously received 6 puffs (2.4 mg) sublingual nitroglycerin and glucagon 1mg and another 228 patients intravenously received 6 puffs sterile water and 20mg hyoscine-n-butyl bromide. PEP rates were significantly lower in the first group than the latter one. Administration of combined nitroglycerin and glucagon contributed a high selective CBD cannulation rates, thereby reducing of PEP incidence.
Phosphodiesterase type 5 (PDE-5) inhibitor, smooth-muscle relaxant, is considered to diminish basal sphincter of Oddi pressure [107] . It can reduce sphincter of Oddi tone, contribute easy cannulation and eventually decrease risks for PEP [108] . Oh et al [107] WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29
Pekgöz M. Post-ERCP pancreatitis investigated administration of prophylactic udenafil, a phosphodiesterase-5 inhibitor, for the prevention of PEP. 280 patients were randomized in a 1:1 ratio and received udenafil (100 mg) or placebo. They found no significant difference between rates of PEP incidence of two groups, indicating udenafil had no prophylactic impact on PEP. Lee et al [109] performed a prospective, randomized, double-blind, placebo-controlled, multicenter RCT to investigate the efficacy of a combination of a high dose of udenafil (PDE-5 inhibitor) and aceclofenac (NSAID) on development of PEP in high-risk patients. Their rationale for this study depended on the potential of the combination to decrease the pressure of the sphincter of Oddi and inflammation in acute pancreatitis through modulation of the cytokine cascade. 216 patients were assigned into two groups in a 1:1 ratio and orally administered either PDE-5 inhibitor udenafil (200 mg.) and aceclofenac (100 mg.) or placebo. The incidence rate of PEP for two groups were 15.8% and 16.5%, respectively (P = 0.901). The statistically insignificant results indicated that administration of combined udenafil and aceclofenac had no impact to on the prevention of PEP.
The inhibition of intra-acinar trypsinogen activation
The possible contribution of proteolytic enzymes on the development of PEP have made protease inhibitors (nafamostatmesilate, ulinastatin, gabexate) the focus of clinical trials [110] . Nafamostatmesilate (NM), a strong synthetic serine protease inhibitor, was developed by Fujii et al [111] . NM powerfully inhibits trypsin, a proteolytic enzyme which is thought to have a crucial role in triggering acute pancreatitis, as well as kallikrein, plasmin, and the complement components C1s and C1r [111] [112] [113] . Only one of five studies in our reviews showed no contribution of NM on the prevention of the PEP.
In a prospective, single center and double-blind RCT Ohuchida et al [114] administered either 20 mg of NM dissolved in 500 mL of 5% glucose solution to 405 patients or 500 mL of 5% glucose solution to 404 patients, over 2 h from the beginning of ERCP. The incidence of PEP was found to be 3.5% and 6.7% in the groups, respectively (P = 0.0349). The findings revealed that 20 mg NM administered in the short run can prevent PEP. Park et al [115] conducted a prospective, single-center and controlled RCT to assess the administration of 50 mg NM for prevention of PEP. Enrolled patients underwent ERCP were assigned into three groups and intravenously administered 500 mL of 5% dextrose solution alone or with 20 mg or 50 mg of NM. Incidence of PEP was found 13.0%, 4.0% and 5.1%, respectively (P < 0.0001). They concluded that NM (20 or 50 mg) may effectively prevent PEP.
Choi et al [116] and Yoo et al [117] also found supportive evidence, indicating that prophylactic intravenous NM may decrease the risk for PEP. However, Kim et al [118] found contradictory results in their prospective, single center, comparative RCT investigating the impact of 24 and 6 h intravenous infusions of 20 mg NM. They randomized 382 patients undergoing ERCP into two groups and administered NM (20 mg) infusion prior to ERCP and continued for either 6 or 24. The incidence of PEP were 2.8% (5/179) and 2.1% (4/192), respectively (P = 0.744). They found that NM infusion had no benefit on the prevention of PEP, regardless of the duration.
Ulinastatin, another protease inhibitor, is obtained by purifying healthy human urine [118] . It can prevent the onset and development of pancreatitis through inhibition of the pancreatic enzyme activation pathway [119, 120] . In a prospective, single center, placebo-controlled RCT Park et al [121] compared the impact of ulinastatin and nafamostat on the prevention of PEP. They assigned 159 patients into three groups and administered 150000 units of ulinastatin, 20 mg of nafamostat or placebo for a 2-4 h prior to ERCP to 6-8 h after ERCP. The incidence of PEP was 1.9%, 3.8% and 13.2, respectively (P = 0.037), indicating that both pharmacologic agents reduced the incidence of PEP.
Serotonin [5-hydroxytryptamine (5-HA)], a monoamine neurotransmitter found in the platelets, central nervous system and intestinal mucosa and can induce 11 subtypes of the 5-HA receptor which is considered to be related to acute pancreatitis [122, 123] . Some research has concluded that 5-HA2A antagonists may have amendatory effect on acute pancreatitis [124] . Risperidone, a potent 5-HA2A antagonist, is considered to prevent or decrease the primary events of acute pancreatitis [125] . It was reported that risperidone mitigated the increase of pancreatic enzymes and cellular infiltration into the pancreatic interstitial tissues in caerulein-induced acute pancreatitis [126] . Tsujino et al [125] performed a prospective, multicenter, placebocontrolled RCT in Japan to investigate the prophylaxis of risperidone combined with ulinastatin for PEP in high-risk patients.
Patients were randomized to receive either ulinastatin with or without risperidone. An oral risperidone tablet was administered 30-60 min prior to ERCP and ulinastatin was intravenously administered for 10 min just prior to ERCP. The incidence of PEP in these groups was 5.3% and 8.8 %, respectively (P = 0.438). They concluded that combination of oral risperidone with ulinastatindid did not decrease the rate of PEP in patients at high-risk.
The decrease of pancreatic enzyme secretion
Somatostatin is considered as a potent inhibitor of pancreatic enzyme secretion [127] . Somatostatin and its synthetic analog, octreotide, can influence exocrine function directly through decreasing the secretion of digestive enzymes, and indirectly through causing inhibition of secretin and cholecystokinin production [57] . In addition, somatostatin and octreotide may adjust the cytokine cascade and may have a cytoprotective impact on pancreatic cells, while the mechanisms of their cytoprotective effect are still unclear [128] . However, research investigating the prophylactic effect of somastatin on PEP have shown inconsistent results [127, 129, 130] . Only one of three studies reviewed showed that somatostatin was effective and beneficial for the prevention of PEP. Bai et al [127] conducted a multicenter, open-label RCT in China. 908 patients underwent ERCP were randomly assigned to administrate somatostatin 250 μg bolus injection before ERCP and 250 μg/h intravenous infusion for 11 h after ERCP or no somatostatin treatments. The results of this study showed that incidence of PEP for these groups were 7.5% and 4.0%, respectively (P = 0.03). Significant results indicated that somatostatin was effective in preventing PEP. The other two studies assessed the impact of somatostatin on the prevention of PEP conducted by Concepcion-Martin et al [129] and Wang et al [130] found contradictory results.
Concepcion-Martin et al [129] administered either an intravenous bolus of somatostatin followed by a 4-hourcontinuous infusion or a similar placebo to patients undergoing ERCP. Wang et al [130] administered 0.5 mg/h of somatostatin for 24 h starting from 1 h before ERCP to 36 patients in the first group, 0.5 mg/h of somatostatin for 24 h starting from 1 h after ERCP to 47 patients in the second group and saline for 24 hours starting from 1 hour before ERCP to 41 patients in the third group. Both of these studies did not find any supportive evidence of the preventive effect of somastation on PEP.
Other prophylaxis agents
Raw rhubarb is a traditional Chinese medicine and considered to adequately relieve clinical symptoms, prevent the production of inflammatory mediators and cytokines and bacterial translocation, and mitigate abdominal compartment syndrome [131, 132] . In a prospective, single center RCT Wang et al [133] assessed the efficiency of raw rhubarb for prevention of PEP. High risk patients were randomized into two groups. 250 patients drank a raw rhubarb soak solution per 3 h until defecation after ERCP and another 250 patients drank water after ERCP. PEP incidence was 2% (5/250) and 7.6% (19/250), respectively (P < 0.01). The results suggested that raw rhubarb solution is efficient for prevention of PEP in high-risk patients.
Oxygen derived free radicals may damage epithelial cells causing to capillary permeability and initiation of pancreatitis [134] . Allopurinol, one of inhibitors of xanthine oxidase, is thought to prevent or mitigate the initial complications caused by the cascade causing PEP by these agents [135] . In this context, Abbasinazari et al [135] performed a prospective, single-center, double-blind, placebo-controlled RCT to assess impact of allopurinol on prevention of PEP. Patients were divided in two groups and received 2 tablets of allopurinol (300 mg) or 2 tablets of placebo. One of the tablets was administered 3 h before ERCP and the other one just before the ERCP. PEP was developed in 3 of 29 patients (10.4%) in the allopurinol group and 5 of 45 patients in the control group (11.1%) (P = 0.97). The results of the study indicated that allopurinol was not effective in preventing PEP. Neurogenic inflammation (pathologic activation of sensory neurons) is considered to contribute to the pathogenesis of acute pancreatitis [136] . Release of substance P, related to pancreatic vasodilation, edema, and cellular infiltration, can be stimulated by initiation of the capsaicin receptor (TRPV1) on sensory C and Aδ fibers [137, 138] . Complications of neurogenic inflammation, such as pancreatitis, may be initiated through the attachment of Substance P to the neurokinin-1 receptor in the pancreas [139, 140] . It was reported that intra-ductal administration of a neurokin1 antagonist diminished the severity of inflammation in a rat experiment of PEP [141] . Shah et al [136] conducted a prospective, single-center, double-blind, placebo-controlled RCT to evaluate the efficacy of aprepitant, a selective neurokinin-1 receptor antagonist, on the prevention of PEP in high risk patients. 39 patients received placebo and 34 patients received 125 mg oral aprepitant 4 h before ERCP, 80 mg 24 h after the first dose, and 80 mg 24 h after the second dose. 7 patients in each group developed PEP (P = 0.772). It was concluded that aprepitant was not efficient to reduce the incidence of PEP.
Papillary edema, triggered by manipulations during endoscopic treatment or cannulation, may temporarily prevent outflow of pancreatic juice [142] , thereby raising ductal pressure, ultimately causing pancreatitis [143] . It was reported that the administration of epinephrine on the papilla may decrease papillary edema [144] and prevent acute pancreatitis after endoscopic balloon sphincteroplasty [142] . Application of epinephrine on the papilla is considered to mitigate edema, contribute the vascular permeability, relieve the muscles in the sphincter of Oddiand muscular layer of the duodenum, preventing increased pressure in the pancreatic duct by stopping the activation of pancreatic enzymes and the drainage of the pancreatic fluid [143] . In a hospital-based, prospective, controlled RCT, Xu et al [143] assessed to the impact of epinephrine sprayed on the papilla on reducing the development of PEP. 941 patients underwent ERCP were randomized to administer 20 mL of either 0.02% epinephrine or saline sprayed on the papilla after diagnostic ERCP. PEP occurred in 31 of 480 (6.45%) patients in the control and in 9 of 461 (1.95%) patients in the epinephrine group (P = 0.0086). They concluded that epinephrine administration on the papilla reduced the development of PEP.
Procedural techniques for prevention:
The reviewed articles investigated the impact of the procedural techniques on the prevention of PEP are summarized on the Table 4 .
Endoscopic nasobiliary drainage
Endoscopic nasobiliary drainage (ENBD) placement ensures dependable biliary drainage and perfusion, as well as cholangiography [145] . ENBD decreases the necessity of instrumental stone extraction and repetitive endoscopy and cholangiography to evaluate whether the stones have been completely removed by transnasalcholangiograms [146] . It was reported that endoscopic sphincterotomy (EST) or endoscopic papillary balloon dilatation(EPBD) pursued by ENBD diminished development of PEP, especially in patients with infected bile, lasting stones, or blood clots in the biliary tree [147] [148] [149] . Huang et al [150] assessed whether the placement of an ENBD had any benefits on the prevention of PEP after endoscopic papillary large balloon dilation together with endoscopic biliary sphincterotomy. 155 patients with bile duct stones were randomized to an ENBD group or no-ENBD group. PEP incidences were 1.28% and 10.4%, respectively (P = 0.018). Results showed that administration of ENBD reduced and was safe for PEP.
Another study conducted by Xu et al [145] , evaluated the efficacy of ENBD catheter placement after clearance of CBD stones, also showed that ENBD was beneficial for the prevention of PEP only with an accompanying EPBD procedure.
Pancreatic stent placement
It is postulated that pancreatic stent placement (PSP) across the pancreatic sphincter may maintain flow of pancreatic secretions, which can be interrupted through papillary edema, and thereby contributing reduction of the PEP [9] . Five studies [151] [152] [153] [154] [155] in our review investigated efficacy of PSP in the prevention of PEP through a control group administered through non-stent procedure showed that PSP can reduce incidence rate of PEP.
The study with the largest number of participating patients in the reviewed articles was conducted by Sofuni et al [152] at 37 endoscopic units in Japan. They performed a prospective, multicenter and controlled RCT to investigate efficacy of a temporarytype PSP for the prevention of PEP through analyzing data obtained from 426 patients who underwent ERCP. 213 patients received stents and another 213 patients did not. PEP incidence was 7.9% and 15.2%, respectively (P = 0.021). The study concluded that PSP reduced the incidence of PEP.
Fujisawa et al [156] compared the impact of PSP between 3 cm and 5 cm pancreatic stents on prevention of PEP. 240 patients were randomized in a 1:1 ratio and underwent prophylactic insertion with 5-Fr unflanged 3 or 5-cm pancreatic stent. Perprotocol analysis showed that 3-cm stents are superior than 5-cm stents for prevention of PEP In a prospective, multicenter, blinded RCT Conigliaro et al [157] compared the efficacy of duration of PSP in prevention of PEP using data obtained from patients receiving immediate 5-Fr unflanged pigtail pancreatic duct stenting after accidental wireguided pancreatic duct cannulation during ERCP. After the ERCP process, stents were removed in 21 patients and were left in another 19 patients. PEP incidence was 29% in the first group and 0% in the second group (P = 0.021). They demonstrated that leaving pancreatic stents in place until spontaneous dislodgment occurs might reduce the development of PEP. Wire-guided biliary cannulation (WGC) technique has been recommended for the reduction of PEP development and the facilitation of bile duct cannulation through using a radiopaque guidewire pierced the tip of a sphincterotome or a catheter [158] .
Accession to bile duct using a guidewire is considered to decrease traumatic injury to the papilla and the pancreatic duct or prevent from hydrostatic pressure related to contrast injection, thereby contributing the prevention of PEP [159, 160] . Kobayashi et al [158] and Lee et al [161] compared the effect of the WGC procedure versus conventional cannulation (CC) procedure on the prevention of PEP. Their findings were inconsistent. While Lee et al [161] found that WGC may be beneficial for the prevention of PEP, Kobayashi et al [158] concluded that the WGC technique did not decrease the risk of PEP.
In a single blinded, prospective, multicenter RCT, Bassan et al [162] compared 0.025-inch versus 0.035-inch guidewire on prevention of ERCP adverse events. 710 patients, with a healthy papilla and conventional anatomy, were randomized to either a 0.025-inch or 0.035-inch guidewire administration. The difference between the rate of PEP in these groups was found to be insignificant.
Needle knife sphincterotomy
Needle knife sphincterotomy (NKS) is an advanced therapeutic measure used to facilitate deep cannulation in cases when traditional deep cannulation is insufficient [163] . Therefore, NKS is related to PEP, since it is often administered as a last resort after multiple and repeated failed cannulation attempts [164] . Swan et al [164] conducted a prospective, single center, single blind RCT to assess efficacy of early application of NKS during difficult cannulation on the prevention of PEP. 73 patients with an intact papilla underwent ERCP with difficult biliary cannulation were randomized to groups that administered either NKS or continued standard cannulation. The difference in rate of PEP between these groups was insignificant, revealing that early application of NKS during difficult cannulation was not effective in preventing the development of PEP.
DISCUSSION
PEP remains an important complication of ERCP and may have adverse impacts on the quality of patient life, morbidity, and mortality [165] . Its pathophysiology is still unclear and considered to be multifactorial. Clinical trials have analyzed different approaches for the prevention of PEP. Studies that investigate the prevention of PEP may be categorized into (1) assessment of patient related risk factors; (2) pharmacoprevention; and (3) procedural techniques for prevention.
Determination of patients with high risk factors for PEP is one of the most important aspects for the prevention of PEP. Patients with high risk factors should be carefully assessed, and alternative therapeutic and diagnostic techniques may be preferable for them instead of ERCP. EUS, MRCP and the other non-invasive techniques including percutaneous drain fluid analysis and radionucleotide-labeled scan, providing very accurate results in diagnosing pancreaticobiliary disorders and meet the need for diagnostic ERCP [26] , can be preferable alternatives to reduce risks of PEP for these patients.
Pharmacological agents with highly precise results in the literature, such as NSAIDs, can be beneficial to attenuate development of PEP. Although many pharmacologic agents has been analyzed through data obtained from patients undergoing ERCP, NSAIDs (indomethacin and diclofenac) are in widespread use and the most promising option for the prevention of PEP [57] . NSAIDs should be rectally administered to all patients with high-risks and considered for patients with averagerisks [3] . Other pharmacological agents, found consistently to have impact on the prevention of PEP in various studies, can be alternatively considered for the prevention of PEP (Table 3) . Further studies are required for other pharmacological agents to identify their impacts more accurately.
Among the reviewed studies focused on the procedural techniques, PSP and ENBD are considered to have most efficacy in preventing PEP (Table 4 ). PSP and ENBD should be performed for to all patients with high-risks and considered for patients with average-risks. These techniques can facilitate the difficult and failed cannulation cases.
Due to the multifactorial mechanism of the introduction of PEP [57] , prevention of PEP can fail through targeting only one causative factor [35] . Combination of multiple interventions may be more effective through proper patient selection, administration of prophylaxis pharmacologic agents and procedural techniques. However, further studies are needed to consolidate prophylaxis impacts of each of these interventional approaches on the prevention of PEP. Further researches should focus on performing meta-analysis to get pool effect and overcome heterogeneity, imprecision, and risk of publication bias. Thereby the assessment of the evidence quality obtained through the studies in the literature can be enhanced.
ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) has been used in the field of gastrointestinal endoscopy since its introduction as an important technological innovation. It is comparatively complex and can lead various complications. Post-ERCP pancreatitis (PEP) has been on the focus of the researches to investigate its prevention, since it has been considered to be the most common complication of ERCP.
Research motivation
Clinical trials have investigated different methods for the prevention of PEP. Each of these studies focused on a specific method. Our review gathered all preventative approaches for PEP investigated in the last ten years. Due to the conflicting data in the literature, advances in the reviewed field needed to be updated and supporting evidence needed review.
Research objectives
The objective of this study was to systematically review the literature on prevention of PEP with different preventive approaches.
Research methods
We conducted an electronic search through databases of PubMed, ISI Web of Science and Cochrane Library for relevant articles performed via RCTs covering the time span of January 2009 and February 2019. The search was performed through terms "Post endoscopic retrograde cholangio-pancreatography pancreatitis" AND "prevention". The reference lists of the identified papers were also scanned to find out further relevant studies.
Research results
54 studies were finally identified for full text review. The studies were categorized regarding prevention methods as (1) assessment of patient related factors, (2) pharmacoprevention and (3) procedural techniques for prevention. Female gender, young age, suspected Sphincter of Oddi dysfunction, absence of chronic pancreatitis, recurrent pancreatitis and history of previous PEP were the most common high risk factors for the patients to develop PEP. Rectally administered NSAIDs has been highly recommended for the prevention of PEP among the pharmacologic agents, while others had conflicting results and needed further research. Of the procedural techniques, Pancreatic Stent Placement and Endoscopic Nasobiliary Drainage can be beneficial in preventing PEP.
Research conclusions
PEP is the most common complication in ERCP procedure and can be risky in patients with high risk factors. The pathophysiology of PEP is still in dispute. Due to its multifactorial pathophysiology, prevention of PEP should be assessed in multi aspects through evaluation of patient related risk factors, prophylaxis pharmacological agents and procedural techniques.
Research perspectives
The multifactorial nature of PEP requires prophylaxis measures in multi facets. Due to its relation to a combination of various factors, multifactorial approach should be taken into account to prevent PEP through assessment of patient related risks and prophylaxis preventions of pharmacologic agents and procedural techniques.
